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Abstract

Thi s paper proposes extendi ng NASAs Deep
Space Net wor into a 6-station
International  Network. Di scusses the
design rati onal e with t hese
characteristic: Avoids loss of
conmuni cations due to natural hazards;

eart hquakes, etc;  provides | atitude
diversity to cover significant mission
event s Wwherever they occur; provi des
addi ti onal stations to cover events in
hi gh southern | atitudes. Proposal extends
to ground facilities those internationa

agreenents now existing for space vehi-

cles; considers use of Russian deep space
complexes as available facilities; and is
consistent with the current proposal for

an international Mars exploration program.
Net wor k coul d suPport mission operations
centers throughout the world.

[ ntroduction

This paper presents the rationale,
particularly for the Science Conmunity..
for an ‘International Deep Space

Communi cations and Science Network to neet
the challenges of the future. It assunes
that the cold war being over, the nations
of the world will cooperate in carrying
out joint deep space mssions. W propose
that the stations beyond the existing NASA
Deep Space Network be inplenented
mai ntai ned and operated by the relevant
space agenci es. Candidate sites are
di scussed later in

this paper.

W are already partners wth other nations
in provi di ng sci ence i nstruments
spacecraft elenents, and |aunch vehicles
but have not yet taken any step toward
establishing an international network.

The need to take this step is presented
dramatically in the remarks of two |eading
exponents of the U S. space program

REMARKS BY THE HONORABLE
CGEORGE E.  BROMW, JR

A NATI ONAL SPACE PROGRAM
REDEFI NI NG THE FUTURE

Space exploration was born of the cold war
conflict.

As the traditional cold war backdrop for
space devel opnent fades into history, a
new backdrop of global challenges and
donestic goals takes its place. The
rational e for future space plans nust be
examined in this context.

W have had two separate space prograns
but for all intents and purposes, they
were both national security programs. One
was conducted secretly and was oriented
t owar d surveillance and strategic
deterrence. The other, conducted by NASA,
was a national security programin public
Vi ew. It was open and spectacular --
designed to dazzle the world by its tech-
nol ogical mght and | eadership. The
notivation for the manned space program
made it as nuch a part of the “Space Race”

as the mlitary program 1In fact, it was
erhaps the larger part of the “Space
ce” because our vulnerability was

magni fied by our nistakes being as visible
as our triunphs.

Al t hough the 1958 space act decreed a
sEace program for peaceful purposes “for
the benefit of all mankind,” we never

really conducted, or even considered, such
a program And let ne be quite clear, we
could not have carried out a truly benevo-
[ent space programin a global atnosphere
as tense and conbative as that cold war
era. We conducted a program for our
nati onal survival from which came spin-
offs for humankind in nedicine, ¢ -
nications, and gl obal understanding.

The United States nust
for international cooperation. The cold
war nmodel of having sem-silent partners -
- and paying nmost of the cost to maintain

adopt a new nodel




nost of the control -- is obsolete. we
must nove toward cooperative problem
sol ving and burden sharing. Anerica can
no |longer support the majority of the
costs, and other nations will no | onger

accept our mmjority control. In this new
time, we have the chance to nake a real

| eap forward for a global effort shared by
the industrial nations to explore space.

STATEMENT BY
DANI EL s.GOLDIN,ADMINISTRATOR
NATI ONAL AERONAUTI CS AND SPACE
ADM NI STRATI ON

On the cooperative agreement between the
United States and Russia on Space,
Aeronautics and Science.

The joint statements on space, aeronautics
and scientific cooperation signed today by
Vice President CGore and Russian Prine
M ni ster Chernonyrdin signal a new era for
NASA and a new direction for space flight.

For the first time since the dawn of the
space age, the conditions that gave rise
t o space expl orati on have changed. Our
presence on the space frontier began as a
product of the «cold war, but that
I deol ogical  struggle is now over.
cooperation will replace conpetition, and

a new partnership in space between two
former adversaries offers considerable
econom ¢ advantages for both countries.

Delivered January 26, 1993 at the Nationa
Space C ub, Washi ngton, DC

The rationale for an international network
is based first and forenost on the fact
that the Deep Space Network is overl oaded
resulting in a 50% | oss of science data,

specifically the Pioneers 10, 11 and 12,
Voyagers 1 and 2, and the Internationa

Conet ary Expl orer have suf fered
significant loss of science data. Second

we assune that spacecraft will need 24-
hour ~communi cation 7 days per week
t hroughout their primary mssion lifetine.

Even though advancing technology may
reduce this requirenent, it has always
been necessary to have  24-hour
surveillance when there is an indication
of a spacecraft problem causing an
enmer genc to be declared. Thi s has
occurred on al nost every mssion flown so
far, and late exanples are Galileo, Mars
Observer U ysses, and Magellan. Third,

the DSN is limted as follows: 1) each

site is subject to a single point of
failure due to natural hazards and politi-

cal. considerations; 2) the current network
cannot provide conﬁlete coverage of all

m ssi ons durln% their encounters wth
their targets. his leads to the require-
ment for having latitude diversity while
providing redundancy at each | ongitude.

The expedi enci es encountered during the
initial site selection of the current DSN
sites caused |ess than desirable overlap
between the |ongitudinal sites.

The situation is particularly acute
regarding the availability of 70m antenna
time for both outer planetary m ssions and
for spacecraft ener genci es. These
emergencies normally require the maximm
coverage on earth in order to diagnose
and rescue the spacecraft; particularly if

there is degradation in spacecraft

tel ecommuni cations capability such as
antenna failures and degradations of power

anplifiers, etc. Finally, the current DSN
i s aging. 1f we are to keep a viable
network, these antennas must eventual ly be
refurbished or replaced. A six-station
international network provides interim
capability to continue supﬁort while the
aging DSN i s being refurbished.

Candi dat e Sites

The rational e for reconmendi ng particul ar
sites for the additional three deep space
communi cati ons conplexes is as follows: 1)

reduces constraints on mssion design
i mposed by the current DSN;, 2) exam nes
current sites for relevance to m ni_num
costs to establish the complex. Thi s
rationale is based on the effort to
inprove latitude diversity and to choose
| ongi tudinal sites which inprove coverage
overl ap between these sites. Fol | owi ng
ghese precepts |eads to these recommen-

ations:

_The site at Peldehue near Santiago,
Chile at the apProxlnate | ongi t ude of
ol dst one, Cal 1tornia, provides  both

latitude diversity and the |ongitudina

location to fill the gap between Goldstone
and Madrid_which now has very limted
overl ap. For example, ‘if @lileo had
proceeded on its X-band mission, a primry
science data return from IO would have
occurred at the gap between Col dstone and
Madrid.” A station at Pel dehue woul d have
been perfect. As anot her exanple, this
site would provide a second southern
|atitude so urgently needed by U ysses on
its primary mssion to the southern pole
of the Sun. A southern latitude station
enhances the available coverage for
m ssion events of high scientific impor-




tance. These events could be schedul ed
over the southern latitude thereby
mnymzmg the constraint on mssion
desi gn. inally, as an alternate to Gold-
stone, it obvi ously reduces t he
susceptibility to earthquakes.

At the longitude of Madrid, 1

recommend the conmplex in South Africa
originally operated by NASA in the early

phases of space exploration and now
oper ated by ES. It is expected that
CNES wi || become a partner with the other

space agencies in mssions such as are
bei ng devel oBed by the International Mrs
Expl oration Program This site provides
latitude diversity to Madrid and therefore
provides an alternate to a natural or

political hazard. It is a fully devel oped
site requirin mninum investnment in
facilities and |ogistics. It provides
additional capability for coverage of
spacecraft such as U ysses at large
southern latitudes. Future missions can
include high scientific events thus

decreasing constraints on mnission design.
Another alternate to Madrid could be the
proposed large antenna project being
studied by the Italian Space Agency for
i npl erentation on Sardinia or mainland
Italy. This would not be as good as South
Africa regarding latitude diversity but
does provide an alternate to natural
hazards and single points of failure at
Madr i d. At the Canberra |ongitude,
there are several recommendations to be
examined. One is the use of usuda, Japan
whi ch already has a 64m di ameter antenna.
Japan is a partner in international space
m ssions and, in fact, has been used as an
alternate site when a m ssion event was
over the northern latitude; specifically,
in 1985 telenetry from the International
Cometary Explorer encounter with the conet
Giacobini-Zinner. Also, in 1989 during
t he Voyager encounter with Neptune, radio
sci ence was enhanced using Usuda as wel |l
as the Canberra conpl ex. Anot her
alternate northern latitude is the use of
the existing 70m antenna at Ussirisk,
Russi a. Study should be undertaken to
conmpare the establishnent of international
conplexes at both ussirisk and Usuda
regardi n? feasibility and costs.

Finally, there are two other sites to
be considered for the follow ng reasons:
the use of the 70m antenna at Evpatoria in
t he Ukrai ne provides coverage over and
above the limted overlap between Mdrid
and Canberra. It also, of course, can be
considered as an alternate to a |arge
antenna in either South Africa or Mdrid.

Qther International space Activities

For many years, the Consultative Committee
on Space Data Systems has been working on
inter-network conpatibility in all aspects
of teleconmunications and data acquisition
transfer. It involves all the space
agenci es of the world. Anot her area of
international collaboration fundamental to
the tel ecomunication activities is the
I nternational Teleconmunications Union of
the World Administrative Conferences which
reach agreement on allocation of bands for
deep space comunications. As a step in
achieving these agreements, the space
agenci es have been working in an activity
énown as the Space Frequency Coordinators
oup.

In addition to the advantages of a 6-
station net wor k to eep space
communi cations, we are presented with the
oPportuni ty to inprove contributions to
pl anetary science and astrophysics. The
current "DSN is already a "world-class

science instrunent. If the additional

conpl exes are nmaintained at the state of

the art of telecommunications, these new
sites will also be candi dates for world-
class science instrunents. This would be
especially true if the 70m antennas in
Russi a were incl uded. At present, the
only two world-class radar instrunents are
at Arecibo, Puerto Rico which is primrily
a radi o observatory, and the Deep Space
Communi cations  Conpl ex at ol dst one,

California which is the site for the cold-
stone Solar System Radar. The additional

sites coul d augnent these capabilities if

their configurations include 400 to 500 KW
uplinks since they already would be
equi pped with |ow noise receivers for

telemetry data return. These additional

capabilities would reduce the constraints
for radar astronony as now carried out at
Areci bo and Gol dstone.

The number of space missions fromthe late
1980s through the 1990s, has  grown,
therefore, Dboth national and cooperative
i nternational mssion designs have had
constraints on themas follows: 1990-2005,
50% of possible science data |ost due to
| ack of network capacity; 1994, gap in
U ysses coverage, 1995, gap in coverage
bet ween Madri d- Gol dstone for Galileo; June
28, 1992, seismic activity at Gol dstone
(bss 14 out for 1 nonth); August 5, 1992,

[ightning at Madrid Conplex (all antennas
out for 1 day); June-August 1993, bearin%
failure at S 61, Ott-Dec 1993, DSS 1
out for preventive maintenance.

It is evident that the DSN is seriously




over| oaded,; for exanpl e, in-flight
missions are NAsSAa Pioneers 6 through 11
voyagers 1 & 2, ICE, and Galileo extended
mission; funded missions are  NASAS
cassini, Pathfinder, & NEAR, ESAs Cassini,
Huygens (Titan Probe ) ; Russian Space
Agency's Mars 94,96; |SASs Plane B (Mars),
Lunar A (Moon); planned missions are NASAs
Di scovery, Mars G obal Surveyor, Pluto
Fl yby; ESA, Russia and CNES Internationa
gars Expl oration Program and 1sAass
occer .

In order to follow through on the

i mpl enentation of this proposal, it is
suggested these actions be initiated;, 1)
charter sci ence representatives to

establish the inpact of an expanded
network on the science data return and the
enhanced gr ound- baaed science op-
portunities; 2) charter a conmttee to
pl an inplementation schedul es and identify
funding responsibilities in order to
conpl ete the 6-station network by the year
2000. The rel evant space agencies are
NasA, ESA, | SAS, cNEs, IKI, |talian and
Canadi an Space Agenci es.




